Abstract -In this paper, a Genetic Fourier Descriptors is proposed to detect rotational symmetry. Rotational symmetry is one of the important features for image decoding and object recognition in computer vision systems. In the Genetic Fourier algorithm, the Fourier descriptors are chromosomes and fitting function of the GA. The Genetic Fourier method has the following advantages. (1) It can handle partially occurred contour and opened contour, (2) It can handle complex point pattern and (3) It is highly parallel and its efficient can be greatly improved if parallel processors are used. Experimental results show that it can handle complex symmetry figures, these symmetry figures may be formed by separated curves, points or partially occurred or partially missed (open contour).
Introduction
In this paper, a Genetic Fourier Descriptors is proposed to detect rotational symmetry. Rotational symmetry is one of the important features for image decoding and object recognition in computer vision systems Rotational symmetry is one of the important features for image decoding and object recognition in computer vision systems. It plays an important role in pattern recognition, especially when extracting a planar symmetric figure from a single image without the need of models. In the recent years, many met hods have been proposed for the detection of rotational symmetry. However most of the methods are difficult to handle complex symmetry figure, e.g. figure 5a . Some methods, like Hough transform [8] can handle these situation but they onl y extract the symmetric points and the problem of finding the connected contour (connectivity problem) and equation (parameterization problem) of the figure still left open.
Fourier descriptors, FDs [1] [2] [3] [4] are one of the powerful tools for object recognition and symmetry detection. However, it cannot handle partially occurred symmetry figure, symmetric point pattern and open contour situation.
On the other hand, Genetic Algorithms (GAs) are powerful tools in the areas of computer vision. It employs the evolution process of natural selection to find (search) the optimal solution of a desired problem. GA works with a population of chromosomes, each represents a potential solution and fitness value to a desired problem. Chromosomes with the higher fitness have a better chance to progress their information to the next generation through the chromosomes crossover and gene mutation process. If a GA is designed well, the population will finally converge to an optimal solution. In this paper, Fourier descriptors are selected as the fitting function and its coefficients become the chromosomes of the GA. Experimental results show that it can handle complex symmetry fi gures, these symmetry figures may b e formed by separated curves, points or partially occurred or partially missed (open contour).
Elliptic Fourier descriptors
Fourier descriptors (FD's) are useful in describing and recognizing the shapes of 2-D closed contours. The basic idea is, a closed curve may be represented by a periodic function of a continuous parameter t, or alternatively, by a set of Fourier coefficients of this function. In general, there exists infinitude ways to parameterize a 2-D closed curve to form the FD's. The reason for the infinitude is that t is an implicit (hidden) parameter. Therefore, there exists an infinite number of ways to distribute its values along the curve. The most common (familiar) way i s based on the arc length l (t = ¡ l/L where L is the perimeter of the contour) parameterization. As the calculation of the parameter t using arc length (constant speed assumption) is simple, this parameterization method is widely used by many researchers.
The basic idea of elliptic Fourier descriptors is as follows. A closed curve may be represented by a periodic function of a continuous parameter t, eqt. (1) In using Fourier descriptors for pattern recognition, a curve representation must be normalized with respect to a desired transformation domain so that the FD' s are invariant with respect to the specified domain. Invariant of FDs for object recognition and symmetry det ect ion under 2D and 3D (affine) transform have been widely investigated. However, using arc length parameterization FD for object recognition and symmetry detection has the following limitation.
(1) Image points must be connected (e.g. chain coded) to form a closed contour before FDs can be applied, this leads to great difficulties when the point patterns are complex (e.g. figure 5a ) (2) It cannot handle partially occurred object (3) It cannot handle opened contour (e.g. figure  8b ) This paper proposes a new strategy using a Genetic-Fourier (GFD) algorithm for the extraction of rotational symmetry.
The proposed method has the following advantages. (1) It eliminates the arc length parameterization method so it can handle partially occurred contour and opened contour (2) It eliminates the image points' connection process so it can handle complex point pattern. (3) It is highly parallel and its efficient can be greatly improved if parallel processors are used.
FD Invariants of Rotational Symmetry
Elliptic Fourier descriptors invariants of symmetry have been explored in [4] . Recall properties 1 and 2, for a N order rotational symmetry, the following properties hold. 
For the coefficients of the kth harmonic, if k 
Genetic Algorithm (GA)
GA is a searching (optimization) method using procedures that are inspired by natural evolution, it involves population (chromosomes), mating, crossover, mutation, natural selection (fitness measure) and generation (iteration).
The population consists of fixed-or variable-length chromosomes (potential solutions). The chromosomes are formed by real value or binary format to represent the parameters of the problem domain. Figure 2 shows that there are p chromosomes in the population. In each update, 1) b chromosomes are selected and remain in the population, usually they are the first b best fit (FM) chromosomes. 2) m chromosomes are selected for mutation and produces m new chromosomes (self reproduction), 3) c p pairs chromosomes are selected for crossover to produces n new chromosomes, these n new chromosomes with further go to the mutation process. In general, n is either equal to c p (2 to 1) or 2 c p (2 to 2). 4) All the new chromosomes produced in the mutation process will then perform the fitness measure and q new chromosomes will be used to update the population. In general q = m + n.
In general, the number of population, p can be fixed or varies. If p is fixed, then
The selection mechanism takes many forms, yet it always ensures that the best fit chromosomes have a higher probability to be selected for reproduction. --Converted from Word to PDF for free by Fast PDF --www.fastpdf.com --
Defining genetic chromosomes, parameters and operators
Coding chromosomes: The chromosome of the GFD is formed by the parameters of the FDs, Here, real value is used.
Selection: selection operator is used to select good chromosomes for the progress of their inherited knowledge to the next generation. In the proposed algorithm, the selection probability is proportional to the square root of its fitness value.
Direct selection: It is used to maintain those chromosomes that have the highest chance to success. In this paper, the top l chromosomes that have the best fit will be maintained in the population.
Crossover: Crossover operator is used to produce new chromosomes through combining partial structure of two father individuals. Figure below shows the crossover mechanism of the proposed algorithm.
Mutation: In order to prevent the loss of diversity in the evolutionary process, a mutation process is designed and operates to represent a sudden change in a small area of a chromosome. The mutation process will directly obtain a small among (m) of chromosomes from the population. In this paper, the top m chromosomes that have the best fit will be selected. The probability P m of the individual FD coefficients undergo the mutation process is set to 0.5 with the following process is used for the selected FD coefficients
where Rnd is a random generator between 0 to 0.999. Fitness function: In this paper, the following fitness function is used. Consider figure 4 , figure 4a shows a 7x7 image with (1) 7 image points and (2) a FD curve passing through it. Figure 4b shows the energy measure of the figure 4a, the position of an image point will have the highest value 5 and the value will gradually decrease as the distance is away from the image points. For figure 4, A 1 is randomly selected between 0 to 128 (for a 256 x 256 image) φ 1 is randomly selected between 0 to 360º is randomly selected between 0 to 360º
where I i is an image point randomly selected from the input image and I i (x) and I i (y) are the corresponding x and y co-ordinators of the i image.
Experimental Results
In order to verify the proposed algorithm, a lot of experiments have been performed. This section presents some of these experiments. Table 1 . FD coefficients obtained in experiment 1. Experiment 1 and 2 show that the algorithm performed well for complex symmetry figure. Experiment 3 shows that the algorithm can handle symmetry formed by separat e curves and different solutions (interpretation) may be obtained. Experiment 4 shows that the GFD can handle symmetry fi gure that has missing portion.
Conclusion
In this paper, a Genetic-Fourier algorithm is proposed for the detection of rotational symmetry. The proposed method has the following advantages. Table 3 . FD coefficients obtained in experiment 2.
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